Proficiency in science is being defined through performance expectations that intertwine science practices, crosscutting concepts, and core content knowledge. These descriptions of what it means to know and do science pose challenges for assessment design and use, whether at the classroom instructional level or the system level for monitoring the progress of science education. There are systematic ways to approach assessment development that can address design challenges, as well as examples of the application of such principles in science assessment. This review considers challenges and opportunities that exist for design and use of assessments that can support science teaching and learning consistent with a contemporary view of what it means to be proficient in science.
Introduction
We face extraordinary promise for the future of science learning, juxtaposed with significant challenges in achieving the vision of what it means to be proficient in science (1) .
Among those challenges is determining how the proficiency of our students will be assessed relative to that vision, and doing so in ways that support teaching and learning rather than inhibiting them. Educational assessments ought to be statements about what scientists, educators, policy makers, and parents want students to learn and become. It is well established that what we choose to assess will end up being the focus of instruction. So, it is critical that science assessments -both external and internal to the classroom --best represent the proficiencies we Page 2 desire. This paper argues that much of what is needed to effectively assess science learning, either at the classroom level or for purposes of system monitoring, has yet to be created and that design and implementation challenges are significant. Even so, there are promising cases from which to learn and build (2) .
Shared Perspectives on Proficiency
A disjuncture exists between students' knowledge of science facts and procedures, as assessed by typical achievement tests, and their understanding of how that knowledge can be applied through the practices of scientific reasoning, argumentation, and inquiry (3, 4) . This problem is recognized in reports spanning K-16+ that simultaneously present a consistent description of what proficiency in science should be (1, (5) (6) (7) (8) (9) (10) (11) . Seldom has such a consistent message been sent as to the need for change in what we expect students to know and be able to do in science, how science should be taught, and how it should be assessed. The emergent definition of proficiency is perhaps most clearly expressed in three major elements of the U.S. National Research Council (NRC) Framework for K-12 Science Education (1): (i) Core or "Big" ideas within disciplinary areas; (ii) Practices of Scientific and Engineering Reasoning, and (iii) Crosscutting Concepts. Collectively they define what it means to know science, not as separate elements but as intertwined aspects of knowledge and understanding (see also 12). It is not just the description of each and their intersection that matters, but also that the meaning of proficiency is realized through performance expectations about what students at various levels of educational experience should know and be able to do. These statements move beyond vague terms such as "know" and "understand" to more specific statements like analyze, compare, explain, argue, represent, predict, model, etc., in which the practices of science are wrapped Page 3 around and integrated with core content. It is also recognized that proficiency develops over time and increases in sophistication and power as the product of coherent systems of curriculum, instruction and assessment.
The virtue of such a view is that science educators are poised to better define the outcomes desired from their instructional efforts which in turn guides the forms of assessment that can help them know whether their students are attaining the desired objectives, as well as how they might better assist them along the way. It is very important for the science education community, and policy makers and the public more broadly, to develop a shared perspective on what constitutes high quality and valid science assessments across K-16+ if assessments are to support teaching and learning and attainment of the desired science education outcomes.
Proficiency, Performance Expectations, and Assessment Design Challenges
The NRC Framework uses the logic of progressions to describe students' developing proficiency in these three intertwined domains-practices, crosscutting concepts, and core ideas- should help determine where a student can be placed along a sequence of progressively more "scientific" understandings of a given core idea that by definition includes successively more sophisticated applications of practices and crosscutting concepts. This is an unfamiliar idea in the realm of science assessments, which have more often been viewed as simply measuring whether students know about particular grade level content. It means that assessments must strive to be sensitive both to grade-level appropriate performances and to intermediate performances that may be appropriate at somewhat lower or higher grade levels. This is particularly important for the design of assessment materials and resources that can be used in classrooms to support instruction.
The NRC Framework states that assessment tasks must be designed to gather evidence of students' ability to apply the practices and their understanding of the crosscutting concepts in the contexts of problems that also require them to draw on their understanding of specific disciplinary ideas. It suggests using a model put forward in Science Standards for College Success (13) by expressing standards in terms of performance expectations. The organization Achieve, and its partners in NGSS development, have elaborated these guidelines into standards that are clarified by descriptions of the ways in which students at each grade are expected to apply both the practices and crosscutting concepts, and of the knowledge they are expected to have of the core ideas. The NGSS appear as sets of performance expectations related to a particular aspect of a core disciplinary idea (see the draft example in Figure 1 ). Each performance expectation asks students to use a specific practice in the context of a specific element of the disciplinary knowledge relevant to the particular aspect of the core idea. Across Page 5 the set of expectations at a given grade level, each practice and crosscutting concept appear with multiple standards.
Performance expectations also may include boundary statements that identify limits to the level of understanding or context appropriate for a grade level and clarification statements that offer additional detail and examples. But standards and performance expectations, even as explicated in the NGSS, lack sufficient detail to create an assessment.
From NRC Frameworks, Standards, and Performance Expectations to Assessments
The design of valid and reliable science assessments hinges on elements that include but are not restricted to what is articulated in disciplinary frameworks and standards such as those illustrated above (14, 15) . In the design of assessment items and tasks related to performance expectations one needs to also consider: (i) the kinds of conceptual models and evidence in which we expect students to engage; (ii) grade-level appropriate contexts for assessing performance expectations; (3) options for task design features (e.g., computer-based simulations or animations, paper-pencil writing and drawing) and which of these are essential for eliciting students' ideas about the performance expectation; and (4) the types of evidence that will reveal levels of student understanding and skill.
Recognizing that assessment involves evidentiary reasoning (14) , it has proven useful to be more systematic in framing assessment development as an Evidence Centered Design process (ECD) (e.g., 15, 16) . The process starts by defining the claims that one wants to be able to make about student proficiency --the ways in which students are supposed to know and understand some particular aspect of a domain. Examples might include aspects of force and motion, heat and temperature, etc. The most critical aspect of defining these is to be as precise as possible wealth of materials including sample assessments were provided (32) . To reflect the shift in focus demanded by integration of science practices with core content ideas, new item types were created and a greater emphasis is being placed on constructed response questions. Figure 2 provides an example of a short constructed response item that involves the integration of conceptual knowledge with aspects of the practices.
AP science redesign is still a work in progress. Much remains to be determined about the quality and impact of the new exams on student learning and classroom instructional practice.
But AP science instruction and assessment are changing in ways closely aligned with the perspective on science proficiency described earlier.
The Road Ahead
Assessment is a key element in the process of educational change and improvement. Done well it can signify what it is that we want students to know and be able to do and help educators create learning environments that support attainment of those objectives. Done poorly it sends the wrong signals and skews teaching and learning. Our greatest danger may be a rush to turn the NGSS into sets of assessment tasks for use on high-stakes state accountability tests before we situations that can be used across multiple age/grade bands so that we can determine how proficiency changes over time and with appropriate instruction. The empirical results can be used to support the design of more effective curriculum materials and instructional practices.
3. Build and test support tools and information systems which teachers can use to effectively implement assessment for learning in the classroom. For teachers to effectively implement assessment as part of their pedagogy they need tools for presenting tasks and collecting and scoring student performance. They also need smart systems that provide actionable information about the meaning and implications of student performance relative to instruction and student learning. Such systems will need to be designed in collaboration with learning scientists and teachers to insure their validity, usability, and utility.
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